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This paper describes a method for the synthesis of silica 
nanoparticles that can be later used for coating of quantum dots 
inside a microfluidic reactor. Here, a droplet-based system is 
used where two reagents were mixed inside the droplets to 
obtain silica. Particles in the size range of 25±2.7 nm were 
obtained with comparable size distribution to controlled batch-
wise synthesis methods. This method is suitable to be used later 
to coat CdSe nanoparticles inside the microreactor. 
 
INTRODUCTION 
 Silica is an important material that is used for coating of 
quantum dots (QD) to prolong the optical and chemical stability 
as well as to enable the dispersion of the particles in water, 
which is necessary to use them in biomedical applications [1-4]. 
The conventional batch-wise synthesis methods such as water-
in-oil microemulsions [5] and reverse micelle [6] usually 
require long processing times (several hours) to synthesize 
silica. On the other hand, microfluidic reactors are promising 
candidates to decrease this time to only a few hours. Until now, 
microfluidic reactors have shown to be great platforms for the 
synthesis of monodisperse nanoparticles as they can provide 
precise control over reaction parameters such as temperature, 
concentration of reagents and residence times [7]. Silica particle 
formation was also demonstrated by Khan et al. in a 
microfluidic device [8]. However, this work produced larger 
silica particles in sub-micrometer in diameter. On the other 
hand, post-processing of nanoparticles has not been shown in 
literature yet. Here we present the step towards developing a 
process that can be used for coating of quantum dots in a 
microfluidic reactor. We obtained monodisperse silica 
nanoparticles at the sizes comparable to batch-wise synthesis 
techniques and optimized the process to generate tens of 
nanometer in diameter sizes.  
The silicon reactor was designed for the controlled 
synthesis of nanomaterials and it was previously used for TiO2 
nanoparticle synthesis [7]. Here we use this reactor to generate 
silica nanoparticles and optimize the process so that later we 
can use this for quantum dot coating. The silicon microreactor 
(Fig 1) was designed to have a droplet based flow; where 
droplets of reagents are generated and later carried in a long 
processing channel by a carrier fluid. Silica layers were formed 
as the reagents mixed inside the droplets. 
To investigate the optimum parameters for silica coating of 
quantum dots, the formation process of silica nanoparticles has 
been examined for different residence times and flow rate ratios 
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between the droplet phase and the carrier phase. These 






The image of our microreactor is shown in Figure 1. The 
reactor has a droplet generation unit and a channel in which the 
reactions take place due to the mixing of the reagents carried 
inside the droplets. It has two outlets (3 and 4) so that the 
residence time of the reaction can be controlled. The reactor is 
made in silicon substrate for obtaining chemical robustness. 
And conventional silicon fabrication techniques were used to 
fabricate it. The silicon reactor was prepared with a channel 
depth and widths of 200 µm. Further details of the reactor are 





FIGURE 1: Image of Microreactor. 1& 2 show the inlets for 
carrier fluid and reagents respectively, while 3 &4 are the two 
outlets to examine the effect of different residence time [7]. 
 
Materials 
For silica formation inside the microreactor, two reagents were 
prepared separately and N-methyl formamide (NMF) was used 
as the carrier fluid to induce the droplet generation at the T-
junction. To prepare the reagent 1, we mixed 1.3 ml of IGEPAL 
CO-520 with 10 ml of anhydrous cyclohexane and stirred the 
solution for 15 min. Finally, 80 µl of tetraethylorthosilicate 
(TEOS) was added, followed by 15 min of stirring. Reagent 2 
was prepared by adding 1500 µl of ammonium hydroxide (28% 
in water) to 10 ml of anhydrous cyclohexane. 
 
Experimental Setup 
The experimental set-up consists of three syringe pumps to 
supply the carrier fluid and reagents through capillary tubing. 
The reagents were mixed inside the microchannels and as the 
carrier fluid was supplied through the main channel, droplets 
are formed at the T-junction. We have modified the batch-wise 
reaction described in [9, 10] to be used in the microreactor. As 
the ammonia in reagent 2 is mixed with reagent 1 containing 
TEOS and surfactant, silica precursor starts to decompose and 
TEOS is hydrolyzed and replaces all IGEPAL. This ligand 
replacement leads to the formation of silica particles by reverse 
micelle in the microreactor.  
 
Procedure 
The formation of silica shells is induced by the presence of 
ammonia in the mixture of reagents; however, as the ammonia is 
soluble in the carrier fluid, therefore the precise investigation on 
the effect of ammonia concentration has a great level of 
importance to enhance the silica coating. All reactions were 
completed at the room temperature to maintain similar 
conditions to the batch-wise synthesis. The control parameters 
for the reaction in the microreactor were chosen as the 
residence time and the concentration of reagents. The residence 
time was precisely controlled by adjusting the flow rate of the 
carrier fluid, considering a constant length of the channel in the 
fabricated microreactor (2 m). The concentration of ammonia 
was controlled by both changing the flow rate ratios in the 
mixture of reagents and changing the concentration of the main 
solution in reagent 2. Throughout the experiment, the flow rate 
ratios between reagents 1 and 2 were kept constant at 1:1 so the 
concentration in the main solution remained as the only 



























FIGURE 2: Droplet generation images at the T-junction. 
Arrow 1 shows the flow direction of NMF as the carrier fluid 
with a flow rate of 9.5 µl/min. Arrow 2 indicates the direction of 
reagents with a total flow rate of 4.0 µl/min. 
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All the experiments were performed without the quantum 
dot cores, just to maintain and optimize the parameters for silica 
coating of quantum dots. In our future studies, the quantum dots 
will be supplied through reagent 1 and the same synthesis will 
be performed. To ensure uniformity of the reaction in droplets; 
the T-junction and the microchannels of the reactor were 
monitored online. At the optimum flow rates, the droplets were 
generated constantly with similar size range at the T-junction as 
shown in Figure 2. Based on various experiments and 
investigation on the controlling parameters, in order to reach to 
a size range close to the one obtained by the batch-wise 
synthesis, the flow rates were adjusted as 2.0 µl/min for the 
reagents and 9.5 µl/min for the carrier fluid. Residence time 
was kept around 260 seconds. The samples obtained from the 
reactor were immediately centrifuged to eliminate the effect of 
excess ammonia on particle formation. 
 
RESULTS AND DISCUSSION 
 
TEM images of the silica nanoparticles obtained by the 
optimum flow rates are shown in Figure 3. As illustrated in the 
TEM results, the average diameter of the silica shells has 
reached 25±2.7 nm. Moreover, the monodispersity of the silica 
shells agrees with the initial idea about using the droplet-based 
microreactors for nanoparticle processing. If we compare this 
reaction with batch-wise synthesis methods that take about 48 
hours, the microreactor reactions took a much shorter reaction 
time (~460 s) and much smaller amount of solutions were 
needed for the process. We have reached comparable results 
with the conventional batch-wise synthesis methods with higher 
efficiency.  
The EDX results also show the existence of silica in the 
sample as shown in Figure 4. Since TEM grids were made out 
of Cu, it also appears as a high peak in the graph. Based on the 
monodispersity and size range obtained, this method could be 
implemented for silica coating of quantum dots when these 
particles were added in the reagent solutions. 
CONCLUSION 
The droplet-based method introduced here, enables the 
growth of silica particles inside the reactor with comparable 
size range and monodispersity to batch-wise techniques. 
Moreover, shorter processing time and the decrease amount of 
materials used offer a huge advantage compared to the batch-
wise synthesis. The precise control over the residence time, 
concentration and temperature, could be used as a rapid and 
efficient method for silica coating of quantum dots. The next 
step in this study is to supply the CdSe/CdS core/shell quantum 
dots in the reagents and study the formation of the silica shell 




FIGURE 3: TEM results for silica shell growth inside the 
reactor. The monodisperse particles have a diameter size range 
of 25±2.7 nm. Flow rates for carrier fluid and reagents are 
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FIGURE 4: EDX result for the particles shown in Figure 3. 
The low percentage of Silica (Silicon and Oxygen) is mainly 
due to the flow rate ratios assigned in the experiment. 
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